Introduction
Species boundaries in the two main freshwater crustacean groups, Cladocera and Copepoda, have long been uncertain. More than 25 years ago, Frey (1982) began to question the presumed broad distributions of cladocerans, suggesting that many species are regional endemics, similar to the accepted situation in calanoid copepods. The status of cyclopoid copepods remains uncertain. Some species, such as Acanthocyclops robustus (Sars) , have been regarded as cosmopolitan, but there is increasing evidence for overlooked taxa. For example, the American species Acanthocyclops rebecae Fiers & Ghenne was recently split from this taxon (Fiers et al. 2000) . Viewed collectively, it is clear that taxonomic knowledge of freshwater zooplankton is incomplete. Studies of their diversity in 'frontier' regions such as Mexico have revealed many new species since the early 90's, although only a small percentage of habitats has been surveyed (Elías-Gutiérrez 1995; Elías-Gutiérrez et al. 1999; Elías-Gutiérrez et al. 2006; GrimaldoOrtega et al. 1998; Suárez-Morales et al. 2005) . It seems unlikely that taxonomic knowledge can be advanced rapidly without the adoption of new methods because the few specialists that can discriminate microcrustaceans are flooded with material. Furthermore, identifications are time-consuming and technically challenging because adults of most species are less than 0.5 mm in length and species-level assignments typically require the detailed analysis of thoracic limb morphology.
DNA barcodes, based on a segment of the mitochondrial gene cytochrome c oxidase subunit 1 (COI), have demonstrated their value as a powerful identification tool (Hebert et al. 2003a) . Their ability to deliver identifications has now been validated in many animal groups (Smith et al. 2005; Hebert et al. 2004; Hogg & Hebert 2004; Ward et al. 2005) . However, most prior barcode studies on crustaceans have focused on marine species such as decapods and euphasiids (Bucklin et al. 2007; Costa et al. 2007) . Among the few studies on copepods, Bucklin et al. (1999) did show the efficacy of COI divergences in separating three species of marine calanoids. The discovery of deep COI divergences in the intertidal harpaticoid, Tigriopus californicus (Baker) by Burton & Bang-Ning (1994) was later attributed to the possible presence of sibling species (Ganz & Burton 1995) . Much less barcode work has been done on freshwater crustaceans. Adamowicz et al. (2007) provide some results for Argentinian Centropagidae and a few studies have probed the effectiveness of barcodes in the cladoceran genus Daphnia. Penton et al. (2004) discriminated two cryptic species within the Daphnia obtusa Kurz complex in North America using COI sequences. Adamowicz et al. (2004) showed that all 15 species of Daphnia from Argentina could be separated with the same gene. Other studies have revealed deep genetic divergences among allopatric populations of single species. For example, Hebert et al. (2003b) uncovered five phylogroups (four in North America and one in South America) of Daphnia ambigua Scourfield, most showing more than 3% divergence. Similarly, a study on Sida crystallina (O.F. Müller) revealed six phylogroups showing COI sequence divergences as high as 5% (Cox & Hebert 2001) . Finally, De Gelas & De Meester (2005) noted that populations of Daphnia magna Straus showed little COI divergence within Europe, but clear divergence from North American populations. The record level of 'intra-specific' divergence (9.5%) exists between African and Australian populations of Daphnia lumholtzi Sars. In each of these cases, genetically divergent populations are allopatric, impeding assessment of whether the lineages are reproductively isolated, but this seems likely in cases of deep divergence such as D. lumholtzi.
It is clear that barcodes (Hebert et al. 2003a , Padial & de la Riva 2007 can aid taxonomic studies on freshwater microcrustaceans in two ways: by speeding species identification, and highlighting cryptic species. Nevertheless, COI does have limitations derived from its maternal inheritance: hybrid individuals, which are common in several cladocerans, cannot be distinguished from their maternal parent.
The present study seeks firstly to test the ability of DNA barcodes to identify species of freshwater microcrustaceans from the megadiverse region of Mexico, ranging from the northern semi-desert region to the humid tropical south, including a few localities in the north of Guatemala. Some material from Canada, USA and Europe was also used for comparative purposes.
Methods
Specimens were collected with a plankton net (50 µm mesh size) from diverse freshwater environments (permanent and intermittent), ranging from the southern tropical forests of Guatemala to the semi-deserts of northern Mexico. The sampling polygon extended from 16-26 degrees N and 88-106 degrees W. Specimens of Ceriodaphnia cf. dubia and topotypes of Diaphanosoma birgei Korinek, 1981 were collected from two Canadian localities. Sampling localities are shown in Fig. 1 .1 while specific geographic co-ordinates and collection dates for all localities are recorded in the project files 'Cladocera of Mexico', 'Copepoda from Mexico and Guatemala', 'Leberis of Mexico' and 'Leptodiaptomus' in the Barcode of Life Data System . Cultures were established for 21 species of Cladocera at the Experimental Hydrobiology Laboratory at Escuela Nacional de Ciencias Biológicas (IPN, Mexico). They were kept at 22±2 °C in reconstituted moderately hard water (U.S. Environmental Protection Agency 2002) and fed with the microalgae Ankistrodemus falcatus, Pseudokirchneriella subcapitata (formerly Selenastrum capricornutum) and Chlorella vulgaris.
Specimens from the third cultured generation or later were fixed in 96% ethanol before molecular analysis. All other specimens were fixed shortly after capture in 96% ethanol.
Whenever possible, we barcoded at least five adults of each species from every population. Representative and apparently conspecific individuals from each locality were photographed and are kept as vouchers in the Reference Collection at El Colegio de la Frontera Sur. All identifications were based on specialized literature and direct comparison with previously deposited material in the same collection.
Sequence analysis was carried out at the Canadian Centre for DNA Barcoding using standard protocols (Hajibabaei et al. 2005) . DNA was extracted from the whole body homogenates using a mix of Proteinase K with invertebrate lysis buffer (Ivanova et al. 2006) and digested overnight at 56ºC. Genomic DNA was subsequently extracted using a membrane-based approach on a Biomek NX © liquid handling station employing AcroPrep 96, 1 ml filter plates with 3.0 μ m glass fiber media over 0.2 µm BioInert membrane (PALL) (Ivanova et al. 2006) . A 658 bp segment of COI was amplified using LCOI490 and HCO2198 primers (Folmer et al. 2004 ). The 12.5 µl PCR reaction mixes included 6.25 µl of 10% trehalose, 2 µl of ultrapure water, 1.25 µl of 10X PCR buffer, 0.625 of MgCl2 (50 mM), 0.125 µl of each primer (0.01 mM), 0.0625 µl of each dNTP (0.05 mM), 0.3125 U of TaqDNA polymerase (New England Biolabs or Platinum Taq from Invitrogen), and 2.0 µl of DNA template. PCR products were visualized on pre-cast agarose gels (E-Gels © , Invitrogen) and the most intense products were selected for sequencing.
Products were labelled with BigDye © Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Inc.) and sequenced bidirectionally on an ABI 3730 capillary sequencer. Sequence data, trace files, and primer details for all specimens are available within the two project files on the Barcode of Life Data System (http:// www.barcodinglife.org) and on GenBank. Bidirectional sequences were assembled and simultaneously aligned in SeqScape 2.1.1 (Applied Biosystems) against the reference sequence of Daphnia pulex using the following settings for the analysis protocol: Kb.bcp basecaller for DyeSet/Primer KB_3730_POP7_BDTv3.mob; data was processed as a true profile with a quality threshold 'assign N's to basecalls with QV<15'; no mixed bases identification; N calls were identified by removing bases from the end until there were fewer than 4 Ns out of 20 bases; reference trimming was used to remove primer sequences. The filter settings were as follows: maximum mixed bases (%) -20; maximum Ns (%) -30, maximum clear range (bp) -50; maximum sample score -10. After automatic assembly each sequence was manually edited.
Sequences collected in this study were compared with COI sequences in GenBank for Daphnia cheraphila Hebert & Finston, D. lumholtzi Sars, D. magna Straus, D. parvula Fordyce and D. spinulata Birabén (see Table 1 for accession numbers). Sequence divergences were calculated using the Kimura two parameter (K2P) distance model (Kimura 1980) . Neighbour-joining (NJ) trees based on K2P distances were created to provide a graphic representation of the patterning of divergence between species (Saitou & Nei 1987 ) and a simplified tree was constructed using the MEGA 3 software (Kumar et al. 2004) . 
Results
In total, DNA barcodes were gathered from 507 individuals representing 61 species of Cladocera and 21 of Copepoda. GenBank accession numbers and exact localities are provided in Appendix 1. Amplifications failed for 13 species of Cladocera and 6 species of Copepoda (mostly cyclopoids). All sequences were checked for anomalies or low quality records by the system provided by BOLD . No difference in barcode recovery was apparent between cultured (17/21) and wild-collected (82/101) species, but specimen success was higher in the former (65%) than the latter (56%). The Appendix 2 and 3, provides full K2P/NJ trees for all 507 individuals, while Figures 2 and 3 summarize the sequence divergence patterns within and between species of each group. The average K2P distance among conspecific individuals for all cladoceran species, excluding those from GenBank averaged 0.82%, while the divergence between congeneric species averaged 17.64% (Table 2) . Hence, congeneric divergences were about 20X greater than those within species, a figure similar to that reported for marine crustaceans (Costa et al. 2007) . Copepods showed similar intraspecific divergences averaging 0.79%, while congeneric genotypes showed 17.84% divergence (Table 3) . The maximum 'intra-specific' divergence value (6.44%) involved members of the Arctodiaptomus dorsalis (Marsh) and Mastigodiaptomus albuqerquensis (Herrick) complexes. In summary, divergences between species in both Cladocera and Copepoda are comparatively high (Figs. 2 and 3) , and correspond well with the boundary for species recognition (0.16 subst./site) proposed by Lefebure et al. (2006) . Our results also revealed possible sibling species complexes in several supposedly well-known taxa. In total, 24 cladocerans and 9 copepods were highlighted as possible new or hidden species. Moreover, two calanoid copepods previously synonymized seem to be valid species -Mastigodiaptomus lehmeri (Pearse) and Leptodiaptomus garciai (Osorio-Tafall).
Taxonomy
In the following section we discuss the taxonomic implications of our barcode results, pointing out situations which deserve more intensive investigation. FIGURE 2. Neighbour-joining tree of 440 COI sequences from 61 cladoceran species using K2P distances. The number of specimens sequenced, localities, and general distribution is in brackets. Abbreviations used: N = North; C = Center; S = South; CA = Canada; G = Guatemala; GE= Germany; MX = Mexico, ON = Ontario. Specimen details are available from BOLD (www.barcodinglife.org). * Sequences derive from cultured specimens; ** Sequences derive from cultured and wild specimens. (Adamowicz et al. 2004 ) and morphological differences (Benzie 2005) . Daphnia cheraphila was recently described by Hebert & Finston (1996) who included material from Mexico in their original description. Our material showed 1.94% COI divergence from sequences in GenBank for this species. Another Daphnia, a member of the pulex group, seems to represent a new species as its closest COI match (12.7%) was to Daphnia parvula from Río Coronda, Argentina.
We recorded the invasive species D. lumholtzi for the first time in Mexico in the northern state of Sonora. Given its broad distribution across the United States and its presence in southern Canada, its detection was not unexpected. The Mexican specimens showed barcode identity with populations from the other North American populations that have been sequenced (0.47% maximum) and high divergences (8.68% minimum) with Australian specimens (Havel et al. 2000) .
Genus Ceriodaphnia Dana, 1853
This genus is one of the most confusing among the Daphniidae. Some species, such as the cornuta-rigaudi complex show morphological diversity, and have broad distributions. We found several morphs belonging to this complex showing deep barcode divergence, but any effort to clarify their relationship to named species will demand barcode and morphological analysis of topotype material. In this regard, we note that C. cornuta was originally described from Australia (Sars 1885) while C. rigaudi Richard was described from Tonkin (Vietnam) by Richard (1894b) .
One species in our collections showing deep barcode divergence is an unnamed taxon (Ceriodaphnia sp.) from intermittent pools in the northern semi-desert regions. It possesses long, thick hairs emerging from the valves and a minute but constant rostral projection. Three more barcode lineages were all identified as Ceriodaphnia cf. rigaudi (named C. cf. rigaudi 1 to 3), due to their lack of any additional projection from the head (except the rostral protuberance) and their rounded fornices, (C. cornuta invariably possesses spines on its fornices). Figure 1 .2 shows that the first cluster is narrowly distributed in the semi-desert regions of northern Mexico, while the second one is restricted to the south, near the coast in the Gulf of Mexico to Guatemala. In this cluster, the morph collected near Lachua Lake (Guatemala, Alta Verapaz) has a slightly shorter rostrum and lacks hair, while other forms are haired, similar to the variability observed by Berner (1985) . The third lineage of C. rigaudi Richard was only found in the Yucatan Peninsula, but because only one specimen gave a good sequence, it is premature to draw any final conclusion. Although all three phenotypes show slight mor-phological differences from C. rigaudi s. str., there is difficulty in identifying morphological traits that discriminate them because of the high variability within each taxon.
In the northern semi-desert region, we found another species closely related to C. acanthina Ross, described from Manitoba (Canada), sharing its strong reticulation of the valves and short spinules. Because true C. acanthina, according to several authors, is restricted to the north of the continent, we identify our isolate as C. cf. acanthina.
Another species, closely related to C. laticaudata Müller described from Denmark, was found in ponds on the central plateau in the highlands of Mexico. Despite the geographic separation, our populations shared the projected dorsum of the postabdomen before the anus typical of this species. Similar forms have been found elsewhere, including South America (Paggi 1986 ). This form was placed far from another C. cf. laticaudata 1, with a much wider projection from the dorsum of the postabdomen, and with postabdominal claws that are of a more constant length. C. cf. laticaudata 1 was only found in one locality in a semi-desert region in Cuatro Ciénegas. It is important to note that ponds and lakes from this valley are rich in endemics ranging from invertebrates to vertebrates (i.e. Moline et al. 2004; Trapani 2003) .
Finally, a highly variable and widely distributed taxon named C. cf. dubia was found from the north of the continent (Pinehurst Lake, Ontario, Canada) to Guatemala (Peten Lake) ( Fig. 1.3 ). Limp & Fernando (1978) named the taxon inhabiting Pinehurst Lake as C. quadrangula (O.F. Müller), but according to Berner (1992) , it is restricted to Newfoundland. In general terms, our Ceriodaphnia shows a different morphology than C. dubia Richard s. str. (sensu Berner 1992 ), but this material should be compared with topotypes of this species which was originally described from Sumatra by Richard (1894a).
Genus Simocephalus Schoedler, 1858
Eight species of Simocephalus were encountered in our survey. Simocephalus exspinosus (Koch) was restricted to the central plateau, while S. punctatus Orlova-Bienkowskaja was only found in the north. S. mixtus Sars was also detected in the north, but a morphologically similar species (S. cf. mixtus), with high divergence (14.39%) occurred on the central plateau. A smaller difference was found within the S. punctatus complex (4.6%). Both of these cases seem to involve cryptic species.
Genus Scapholeberis Schoedler, 1858
We found two species with 13.07% divergence. One is Scapholeberis armata freyi Dumont & Pensaert previously recorded from southern Mexico (Dumont & Pensaert 1983) . The other, which was collected in the northern semi-desert region, seems to represent an undescribed species related to S. ramneri Dumont & Pensaert, described from Belgium (Dumont & Pensaert 1983) .
Genus Moina Baird, 1850
Members of this genus were represented by one well defined species, Moina macrocopa (Straus), and by a group of three closely related genotypes in the Moina micrura group. According to the keys of Goulden (1968) , all three phenotypes can be identified as M. micrura, but most cladocerologists agree that it is group of species. Evidence for this conclusion was given by Petrusek et al. (2004) , who found reproductive isolation and deep divergence at 12S rRNA for populations of M. micrura from Europe and Australia, suggesting the presence of two sibling species. In the case of Mexican material, the three subgroups separated by DNA bar-codes show consistent morphological and distributional differences ( Fig. 1.4) . M. micrura 1 is found in the semi-desert regions of the north, close to the Pacific side, while M. micrura 2 seems restricted to the highlands of the Central Plateau at sites more than 2000 m above sea level. The third group, designated as M. micrura 3, was found at a single northern locality, and shows an intermediate morphology to the other two types. It seems likely that none of these phenotypes are actually M. micrura s. str., described originally from Austria (Kurz, 1874).
Family Bosminidae Baird, 1845
Genus Bosmina Baird, 1845
The taxonomic status of the genus Bosmina remains unsettled. De Melo & Hebert (1994) and Taylor et al. (2002) studied populations of this genus in the northern half of the American continent using both molecular and morphological approaches, but populations in the south have only seen morphological analysis (Paggi 1979) . The genus was represented in this study by three species, but Bosmina tubicen Brehm was only recorded from Lake Peten. Bosmina huaronensis Delachaux was widespread from the Central Plateau to the north, while B. longirostris (O.F. Müller) was restricted to one locality on the Central plateau.
Family Macrothricidae Norman & Brady, 1867 Genus Macrothrix Baird, 1843
Barcoding results demonstrated that M. elegans Sars, a species recently re-instated by Kotov et al. (2004) , is widely distributed from Guatemala to the north of Mexico, but the species dwells far south to Argentina (see Kotov et al. 2004) . It seems to be common in many ponds and lakes from the tropical regions.
Family Chydoridae Stebbing, 1902
Subfamily Aloninae Frey, 1967 Genus Alona Baird, 1843 and Leberis Smirnov, 1989 Sinev et al. (2006) recently moved Alona diaphana-davidi to the genus Leberis. Our barcode results agree with this proposal, because we observed more than 19% divergence between this genus and the most closely related species of Alona. We encountered two species belonging to the L. davidi complex, one close to L. davidi Richard s. str., while the other represents a related form that proved to be a new species (Elías-Gutiér-rez & Valdez-Moreno 2008). Both phenotypes showed clear morphological differences in the second antenna, thoracic limbs and male postabdomen.
Alona dentifera (Sars, 1901) was divided in two groups, again with allopatric distributions. Alona cf. dentifera was found in the south, while A. dentifera was found in the northern semi-desert. Unfortunately, only one specimen from the south could be sequenced, so its taxonomic status remains uncertain. Interestingly, both members of the A. dentifera cluster showed less barcode divergence from species of Leberis than from other species of Alona. Sinev et al. (2004) concluded, based on morphological analyses, that there are no reasons to exclude A. dentifera from Alona, although it presents a combination of unique and rare characters, most considered as autapomorphies. Our data suggest that A. dentifera is not a "marginal" species of Alona, as concluded by Sinev et al. (2004) , but rather a separate taxon with more than 19% divergence from the rest of the genus.
Among the "true" Alona, we obtained sequences from A. setulosa Megard and A. glabra Sars, 1901 , the latter first described from Argentina. Although these two species are difficult to separate morphologically (Megard 1967), they are clearly valid species as evidenced by their high barcode divergence. Alona glabra was itself divided into two related genotypes, each broadly distributed from Guatemala to the north of Mexico, with several localities within the Cuatro Ciénegas semi-desert region. It seems that the related form from the north represents a different species.
Subfamily Chydorinae Stebbing, 1902
Genus Chydorus Leach, 1816
As Frey (1980) stated, the American representative of the Chydorus sphaericus (O.F. Müller) complex, named C. brevilabris Frey, is widely distributed (from Canada to northern Mexico). A comparison with C. sphaericus from Germany revealed more than 17.61% divergence, confirming the true species status of both.
Genus Pleuroxus Baird, 1843
According to Smirnov (1996) , Pleuroxus is one of the most difficult genera of Chydorinae. Barcoding distinguished two species, both in the north: P. varidentatus Frey and P. denticulatus Birge. The latter species was recently recorded from southern Mexico (Elías- Gutiérrez et al. 2006) . Smirnov (1996) suggested that the subgenus Picripleuroxus should be raised to a genus level, but Chiambeng & Dumont (2004) did not support this shift. The high barcode divergences (>20%) between the two species of Pleuroxus supports Smirnov's stance and accords with Sacherova & Hebert's (2003) proposal that Pleuroxus should be divided into several genera. Recently, Smirnov et al. (2006) concluded that the phylogeny of Pleuroxus is still not resolved sufficiently to be able to decide on generic or subgeneric boundaries, making it clear that further investigation is required. In general our data for the family Chydoridae agree well with conclusions on generic and species boundaries proposed by Sacherova & Hebert (2003) . For example Alona is not monophyletic, and should be partitioned into more than two genera. Part of this work has been done, e.g. the proposal of the new genus Leberis by Smirnov (1989) , but work remains as shown in the case of Alona dentifera. The deep divergences found in all groups confirm the hypothesis of an ancient origin for all chydorid lineages.
Class Maxillopoda Dahl, 1956
Subclass Copepoda Milne-Edwards, 1840
Superorder Podoplea Giesbrecht, 1882
Order Cyclopoida Burmeister, 1834
Family Cyclopidae Dana, 1846
Only two cyclopoid species were included in this study, Tropocyclops parvus Kiefer and Thermocyclops inversus Kiefer, both from Peten Lake. The former species, recently re-described by Dumont (2006) , is an extremely small (less than 0.4 mm) pelagic copepod. These two genotypes showed deep barcode divergence (>40%), but members of each species showed little sequence variation (0.02%).
Superorder Gymnoplea Giesbrecht, 1882
Order Calanoida Sars, 1903 Family Diaptomidae Baird, 1850
Genus Arctodiaptomus Kiefer, 1932
Arctodiaptomus dorsalis probably represents another species complex athough Suárez-Morales & Elías-Gutiérrez (2001) recently synonymized Arctodiaptomus dampfi Brehm from Peten Lake with A. dorsalis, originally described from Louisiana. Barcode analyses indicated that the population of A. dorsalis from Peten Lake (Guatemala) is conspecific with those from the Yucatan, but also revealed the likely occurrence of at least four species in this complex. The population from Lachua Lake (A. cf. dorsalis 1) showed nearly 7% COI divergence from the Yucatan/Peten Lake populations. Two additional lineages showing high COI divergence were also collected; the first one from the Sonora desert and the second one from the central region ( Fig. 1.5) . No morphological characters were found to distinguish these four lineages.
Genus Mastigodiaptomus Light, 1939
Three lineages of Mastigodiaptomus were found in a single small pond in the Yucatan. One of these lineages was Mastigodiaptomus reidae Suárez-Morales & Elías-Gutiérrez, described from a site near this locality (Suárez-Morales & Elías-Gutiérrez, 2000) . The other two forms are closely related to this species, one lineage with 3% COI divergence also shows a differing shape of the male fifth thoracopod. The third lineage of Mastigodiaptomus seems to represent another undescribed species, with small but consistent morphological differences. This is the first report of three species of a single calanoid genus, similar in shape and size, coexisting in a single small habitat.
Another species within the same genus, Mastigodipatomus albuquerquensis (Herrick), is one of the most morphologically distinctive species of freshwater copepods in the southern United States and Mexico (Suárez-Morales & Elías-Gutiérrez 2000) . Any specimen with a butterfly-like sclerotization of the male second basipod of the right fifth leg has traditionally been assigned to this species, but barcoding confirmed earlier suspicions of overlooked diversity. For example, Kiefer (1938) assigned the population in Patzcuaro Lake to a different subspecies, D. albuquerquensis patzcuarensis and Pearse (1904) described Diaptomus lehmeri from Mexico City, although it was later synonymized by Marsh (1907) with D. albuquerquensis. Our data suggest the occurrence of at least two (or even three) sibling species with disjunct distributions in Mexico (Fig. 1.6 ). The first species, M. albuquerquensis, was only found in the northern semi-desert region while the second (and possibly third), M. cf. albuquerquensis (lehmeri?), was apparently restricted to the Central Plateau, in localities close to Patzcuaro Lake, suggesting that they could actually be M. lehmeri. On the other hand, due to its broad geographic range, Bowman (1986) suggested that M. albuquerquensis was the original form which dispersed phoretically to the Caribbean islands, giving rise to another species, Mastigodiaptomus nesus Bowman. Another barcode lineage, present near the Pacific coast was morphologically close to M. nesus, but some subtle variations were noticed. Cervantes-Martínez et al. (2005) reported size differences between M. nesus from the Yucatan and the Caribbean islands. Possibly these could be different species whose status can be clarified by barcoding and other molecular analyses. Although the ID tree is not considered a hypothesis on evolutionary history, some clues about the relationships (especially on branching patterns at the tips of the tree) can be inferred from it, and M. cf. nesus appears close to M. albuquerquensis.
Genus Leptodiaptomus Light, 1938
Barcode analysis revealed that Leptodiaptomus novamexicanus (Herrick) was a group of species, reinforcing earlier conclusions based on morphology. Osorio-Tafall (1942) was the first to make this suggestion, describing Leptodiaptomus garciai from the unique saline Alchichica Crater Lake. Our barcoding results, together with data on ecophysiology, morphology and breeding studies (Montiel et al, 2008 ) support recognition of this species as a valid taxon, in opposition to the synonymy proposed by Wilson (1959) . Moreover, in the State of Mexico, we found two related, but definitely different forms of L. novamexicanus. Again it is necessary to compare specimens from the type locality (a reservoir in Albuquerque, New Mexico) with those found in the central plateau of Mexico.
Genus Prionodiaptomus Light, 1939
The recent discovery of Prionodiaptomus colombiensis (Thiébaud) is the only South American calanoid known from Mexico (Gutiérrez-Aguirre & Suárez-Morales 2000). Barcodes highlighted a possible cryptic species distributed more to the north than the first and subsequent records, in the Gulf coastal plateau.
General remarks
The present study has shown that COI barcodes distinguish all previously recognized species of zooplankton included in our survey. More importantly, the barcode data suggest that current taxonomic systems seriously underestimate species diversity as we encountered many cases of deep barcode divergence between lineages that are currently viewed as conspecific. We conclude that barcoding is a powerful tool for highlighting taxonomic problems, and that its broad application will allow the rapid identification of freshwater zooplankton once the library of reference COI sequences is assembled. This step is critical and urgent if we take in account the recent disappearance of freshwater biodiversity (Naimann 2008). The evidence for cryptic species and the apparent narrow distributions of most species support earlier conclusions that the total cladoceran fauna is still grossly underestimated (Forró et al. 2008) and that most new discoveries will be found at low latitudes, particularly the neotropics (Adamowicz & Purvis 2005) . For example, 17 new species of Cladocera have been described since 1996 from Mexico, with at least 7 suspected endemics (Elías-Gutiérrez & Suárez-Morales 2003). These conclusions can be extended to freshwater copepods, where more than 90% of species are endemic to a single zoogeographic region (Boxshall & Defayé 2008) . Nevertheless, to gain definite results, topotypic material or specimens collected close to the type locality, must be barcoded.
Interestingly, this study has revealed several cases where newly recognized genera (based on morphological traits) are coincident with barcode results. In other cases, such as Diaphanosoma or Daphnia, the presence of deep barcode divergences suggests the need to partition currently recognized genera. For example, Paggi & da Rocha (1999) suggested that the D. volzi Stingelin group should be moved into a different genus (Neodiaphanosoma) and the deep barcode divergence between the D. birgei-brachyrum group and D. brevireme Sars supports this conclusion. In order to establish true inter-generic relationships it is necessary to conduct phylogenetic analyses involving other genes combined with detailed morphological information, but DNA barcodes provide an important first step towards the solution of these problems.
The current barcode results suggest the presence of many overlooked species, a conclusion reinforced by distributional and morphological differences. For example, members of the M. albuquerquensis, Moina micrura and Ceriodaphnia cornuta-rigaudi complexes show definite distributional and morphological differences, the latter involving characters that have been described in prior studies. Species from the central plateau are restricted to high altitude systems at least 2000 m above sea level. Northern semi-desert populations are also regionally restricted, and clearly different from southern populations which are themselves related with the South American fauna. These results reveal a general pattern, namely that all Mexican taxa thought to have wide distributions have now been split into complexes of related species, with deep barcode divergences. This revelation of overlooked diversity also has important ecological implications. For example, barcode results suggest the co-existence of two or more species from the M. reidae or S. punctatus complexes in some small habitats, a surprising result in light of past evidence for competitive exclusion of closely allied congeners. 
Appendix 1. GenBank accession numbers and localities for the 507 individuals representing 61 species of Cladocera and 19 of Copepoda used in this study.

